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Bioassment I

Introduction
Florida's Rivers have undergone substantial change since the early 201h century.
Urbanization, mass agriculture, and phosphate mining have affected many watersheds
across Florida, and the Peace River Watershed is no exception (Nordlie 1990). With
altered flow patterns, agricultural and mining runoff, and loss of habitat, the
. environmental integrity of the Peace River is in decline (Florida Department of
Environmental Protection [FDEP] 2007). As environmental integrity of an aquatic system
such as the Peace River declines, environmental monitoring and analysis becomes critical.
Monitoring of water quality is traditionally abiotic and chemical and includes
measurements of organic pollutants, turbidity, pH, and conductivity (FDEP 2006).
Measurements of this type can tell scientists much about the abiotic (non-living) aspects
of a !otic (flowing water) system, however biotic integrity is difficult to determine
without habitat and biological assessment.
The concept of environmental tolerance and the affect it has on species
distribution was pioneered by V.E. Shelford in the early 20tl' century. Shelford (1912)
understood that environmental factors would provide scientists with a new way of
looking at life's interactions with the environment. Shelford recognized that traditional
methods of interpreting data via taxonomy, which is based on phylogeny (the
categorization of life based on ancestor/descendant relationship) is good only for finding
relationships created by expressed genotype and morphology. Shelford stated that
ecology is aimed in the general direction of the classification of organisms upon a
physiological basis with particular reference to the relationship with environment. This
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birth to some of the founding principles of ecology. He felt that scientists were
focusing on the "wrong phenomena" to aid in understanding the biotic relationships with
environment (Shelford 1912). Rather than a random illogical force, Shelford believed
the scientific community must recognize that environments are characterized by the
muo.

orderly of phenomena. With this better understanding of environments and animal

physiology, the distributions of animals within given environments were considered
physiologically definite. This was the foundation upon which the idea of environmental
tolerance is built.
In 1913, a year later, Shelford would describe what would become recognized
worldwide as the Law of Tolerance. The Law of Tolerance states that the success of a
species and its distribution are determined largely by the degree of deviation of a single
factor (or factors) from the optimum range of the species (Shelford 1913). This being
understood, it is possible to find the relationships between physiology, environmental
conditions, and population dynamics. Shelford states that the number of individuals
varies directly with the degree of deviation from the conditions most favorable and the
distribution of each species is probably represented by the ideal curve.
A tolerance curve can be defined as the response of a genotype's total fitness over
an environmental gradient (Lynch and Gabriel1986). One can see the evolution of
Shelford's original idea of classifYing life physiologically via an organism's expressed
genotype with relation to the environment, to Lynch and Gabriel's idea of the distribution
of a species along a gradient of variable environmental factors. As the natural world is
never static or homogenous, tolerance curve evolution is driven by temporal and or
spatial variation within environmental parameters (Lynch and Gabriell986).
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In looking at species composition, it is possible to determine the environmental
!condition with the known tolerance values of the any given factor. For example, the
ioptimal temperature range for age-specific survival and fecundity of the rotifer,
Brachianus calyciflorus, is I 0° to 20° C ( 50° to 68° F) (Thorp and Covich 200 I). As the

temperature increases beyond the given range individuals begin to die and the females
lose reproductive capacity (Thorp and Covich 2001 ). With these physiological tolerances
known, one would expect to find B. calyciflorus individuals only in environments wth
. temperatures ranging from 10° to 20° C. This is not to say that other factors such as the
abundance of grazing species, pH, and salinity would not effect species distribution
within that temperature range. Therefore, if B. calyciflorus is found among the sampled
taxa, it is possible to assume that the temperature range for the sample date is I oo to 20°
C (Thorp and Covich 2001). This is the foundation ofbioassessment.
Bioassessment is defined as an evaluation of the condition of a waterbody using
biological surveys and other direct measurements ofthe resident biota in surface waters
(Barbour et al. 1999). There are differing means of conducting a bioassessment. This can
vary from the taxa targeted for sampling, to the means and place of sorting.
Species found in an enviromnent have variable tolerance factors affecting their
viability. Determining the relationship between the available taxonomic data and
identified abiotic/chemistry data would help to determine additional parameters for the
viability of identified taxa, and provide an enhanced assessment of the enviromnental
integrity of a specified aquatic enviromnent. That is, resident monitors of water quality
(such as macroinvertebrates) will provide a long-term assessment of stream health as
opposed to the single event analysis of chemical and physical assessments.

l
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The objective of this pilot study was to determine the relationship between
:1ected micro-organisms and the abiotic/chemical factors (nitrogen as nitrates and
1\itrites, phosphorous, turbidity, pH, and conductivity) present in water samples drawn
Lcfrom water monitoring stations along the Peace River in Florida. Its intent was to also
;''identify potential macro invertebrate metrics that might be specific for the assessment of
·.·health of the Peace River or other waterways in the region.
Statement of the Problem
Is there a relationship between chemical and abiotic factors and biologic metrics
of macroinvertebrate samples taken from the Peace River, and are any of the metrics
utilized most likely to indicate environmental integrity of the Peace River?
Methods
Study Site

The Peace River flows in a southerly direction approximately 169 km from the
confluence of the Peace Creek Drainage Canal and Saddle Creek in Polk County, with a
total length of272 km emptying into the estuary at Charlotte Harbor (FDEP 2007;
Nordlie 1990) (see Table 1). The Peace River watershed, one of the largest in the
peninsular region of the state, is approximately 6,086 km2 , and includes large portions of
Polk, Hardee, DeSoto, and Charlotte counties (FDEP 2007). The Peace River can also be
3

characterized by a gradient of0.19 mlkm and an average flow of32.7 m /s (Nordlie
1990). The watershed itself sits in the costal plains ecoregion as described by the EPA
Wadeable Streams Assessment (2006). This ecoregion is characterized by tremendous
species richness and the highest number of endemic species of aquatic organisms in
North America (EPA 2006).

L
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Figure 1: The Upper Peace River, Florida

Image from South West Florida Water Mauagement District, 2008

The Peace River Watershed can be categorized into three physiogeographic
provinces: The Gulf Coastal Lowlands, Desoto Plain, and the Polk Uplands (FDEP 2007).
In the 1940's, native uplands comprised 60% of the water shed, and wetlands comprised

another 25% (FDEP 2007). In 1999, the remaining native uplands accounted for 17% and
wetlands 16% of the total watershed area the remainder of the land having been altered
by agriculture, phosphate mining, and residential development (FDEP 2007). The
2

principle land use in 1999 was agriculture, with 1535 km of improved pasture and 930
km2 of intense agriculture, constituting 43.7% of total watershed area (FDEP 2007). The
climate of the Peace River is subtropical with an average annual temperature of22° C
and an approximate annual rainfall of 1320 mm, 60% occurring from June through
September (FDEP 2007).
The two largest problems affecting the Peace Watershed are phosphate mining
and agriculture (FDEP 2007). Between 1940 and 1999, 22% of the natural stream
channels in the Peace River were channelized or replaced by other land uses (FDEP
2007). As of 1999, urbanization and phosphate mining accounted for approximately 10%

~'"'-=''"'1
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usage (FDEP 2007). Due to the depletion of phosphate resources and decreasing
llitv of ore in the Bartow and Zolfo Springs basins, phosphate mining has shifted to the
me and Horse Creek basins (FDEP 2007). The implications of such drastic changes
reaching. Not only is there dependence on environmental integrity to maintain the
current residential water resource supply, but with the collapse of this critical water
i~ource regional agriculture would be greatly impacted, in turn affecting the local

1: Estimated Watershed Basin Ground Water Use (million gallons/day) for Four
Reference Time Periods rvnvn

Field Collections/Sampling

The data used for this study was obtained with permission from the Florida State
Biological Laboratories in conjunction with the Florida DEP. Available data included
multiple sites over a 10 year span. However data from a series of samples collect by the
FDEP (see table 2) were analyzed due to the close temporal proximity and subsequent
water quality data. Another reason other sites were ruled from the analysis was the
ambiguous site location cause by the lack oflatitudinal and longitudinal data. According
to the report, field collections methods most closely followed the EPA's Rapid
Bioassessment Protocol (RBP) (Barbour et al. 1999). It is therefore assumed that the
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Sientists followed most of the steps listed in the RBP (outlined in the subsequent
!iiragraphs) in their field sampling. Nineteen sites were sampled by the FDEP from
Bartow. FL to Arcadia, FL (see Table 2, Figure 2).

2: Peace River Sample Site Name, Description, Date, and Location (Sites listed
North to

Image from the Florida Department of Environmental Protection
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The collection site was at least 1OOm upstream of any road crossing, to minimize

iii<: effects of the structure on flow and depth (Barbour et a!.
~atures

1999). Different habitat

were sampled in approximate proportion to their rt:Presentation of surface area of

;.tfietotal
macroinvertebrate habitat within the lOOm reach. For example if the reach was
;>
comprised of undercut banks, the number of jabs or kicks done with the net reflected
reach habitat composition (Barbour et a!. 1999). Also, habitats contributing less than
of the reach composition were not sampled, but the remaining jabs were distributed
afilong the remaining habitat types. Examples of habitat types consist of undercut banks,
riffles, macrophytes, snags, and leaf packs as the most common (Barbour eta!. 1999).
·Sampling began at the downstream end of the reach working upstream along the
reach (Barbour eta!. 1999). A total of20 jabs or kicks were taken over the length of the
reach, where a single jab is forcefully thrusting the dipnet into the productive habitat for a
distance of0.5 m, and a kick if placing the dipnet 0.5 m downstream and disturbing the
substrate (Barbour et a!. 1999). The sample was run through a sieve bucket as a

I

homogeneous mixture to drain water and then labeled and placed in a sample container
(Barbour eta!. 1999). Large debris was removed and inspected for any clinging
individuals and if found, were placed in the sample (Barbour eta!. 1999). Once the
sample was placed in the container it was labeled both inside and outside with the site
location, stream name, date, and person doing the collection (Barbour eta!. 1999). The
samples were then taken back to the laboratory for analysis. A final check of sampling
equipment was made for any remaining organisms and then thoroughly cleaned.
Water quality data were sampled in the field using a field water quality multimeter. The brand and model of the meter are unknown due to the lack of information

'~~'*'''"'~-
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collection methods. The probe was immersed in the water upstream of the
iVIdUal

doing the sampling and submerged to a depth of 0.3 m. Where the water was

fillllower than 0.3 meters the meter probe was placed at a depth of 0.1 m (FDEP 2007).
0

quality measures taken for the scope of this project were: temperature ( C),
~~pecific conductance (J.LS/cm), pH, phosphorus as P (mg/1), nitrogen as nitrite (N02) and

§i'pitrate (N03) (mg/1), dissolved oxygen (DO) (mg/1), and turbidity (NTU). Secchi disk
:depth was measured at the sight but excluded from metric analysis due to the presence of
turbidity data.

Continuing with the assumption that the RBP was followed, collected samples
were officially checked into the lab to validate arrival (Barbour et al. 1999). Laboratory
sampling began with large organic matter (such as twigs, leaves, etc.) being rinsed,
checked for organisms, and then discarded (Barbour et al. 1999). Samples stored in
multiple containers were mixed together to obtain homogeneity. The sample was then
placed in a shallow sorting tray and a sub sample was taken at random on a gridded tray
(Fore 2004). The samples received were sorted until I 00 individuals were indentified
from the subsample reached as outlined in the Florida Stream Condition Index (SCI)
rather than 200 individuals as outlines by the RBP (Fore 2004). The material was
searched for all organisms that were then placed in vials filled with preservative and
fitted with rubber or cork stoppers (Barbour et al. 1999). These vials were also labeled
and dated with the sample information (Barbour et al. 1999). If possible midge (family
Chironomidae) individuals were mounted with a proper medium for taxonomic

i
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ntification. While sorting can be done at the family level (Hilsenhoff 1988) the sample
!f:identified to the most practical taxonomic level (mostly genus or species).
The Environmental Protection Agency has a series ofbioassessment metrics
the Rapid Bioassessment Protocol (Barbour et al. 1999). The metrics within the
are utilized in computing the Florida Stream Condition Index (Fore 2004). These
have been described for three distinct assemblages: periphyton (benthic algae),
macroinvertebrates, and fish (Barbour et al. 1999). For the purpose of this study,
focus will be primarily on macroinvertebrate assemblages. Benthic algae were not
;;'included in the study as their measures were not recorded in the existing data nor have
ever been recorded in Florida. One of the benefits of using benthic (bottom
dwelling) macroinvertebrates, is their accuracy in indicating localized conditions
(Barbour et al. 1996). This is due to the broad trophic composition of macroinvertebrate
assemblages, their limited migration patterns, and a sessile (non-moving) mode of life
(Barbour et al. 1996). With a concern for the health of the study site, the collection of
macroinvertebrates is optimal due to the low environmental impact of the collection
methods for the assemblage (Barbour et al. 1996). Fish are useful, but with reduced flow
conditions there are some problems with sampling fish assemblages. When assessing a
stream with known low flows, fish distribution is limited due to a greater dependence on
high flows, therefore rendering any bioassessment done with these taxa inaccurate if not
useless due to their absence (Barbour et al. 1996). Another benefit to using
macroinvertebrates is they integrate the effects of short-term environmental variations
(Barbour et al. 1999). Most species have a complex life cycle of approximately one year
or more, in which sensitive life stages will respond quickly to stress, providing greater
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sensitivity (Barbour et al. 1999). Due to the sensitivity and temporal accuracy
when using macroinvertebrate assemblages there are many metrics that can be
The first categories of metrics are primarily concerned with taxonomic
ijllposition and richness.
Taxonomic richness is defined as the number of distinct taxa within a sample that
:presents diversity (Barbour et al. 1999). Taxa richness generally uses species level
~entification, but can be used to evaluate larger taxonomic groups such as genera and

ifamilies (Barbour et al. 1999). Richness is a reflection of diversity and it is assumed that
increased enviromnental perturbation decreased taxonomic richness would result
'ffiarhour et al. 1999). Conversely one can expect that an increase of taxonomic richness
woulu be indicative of an increase in enviromnental health (Barbour et al. 1999). This
;, suggests that niche space, readily available habitat, and the resources are sufficient to
support the survival and propagation of the taxon (Barbour et al. 1999). Subsets of
taxonomic richness can be used as metrics that are able to pinpoint key groups of
indicator organisms (Barbour et al. 1999). Diversity within these groups is a good
indicator of the ability of the ecosystem to support varied taxa (Barbour, et al., 1999).
Most benthic metrics based on the richness of specific taxa focus on Ephemeroptera
(mayflies), Plecoptera (stoneflies), and Trichoptera (Caddisflies) together referred to as
EPTs (Barbour et al. 1999). Richness metrics can either focus on the number of a
singular EPT taxa or the total number of all three (Barbour et al. 1999). Other metrics
focus on percentage composition of specific taxa within the sample.
Composition measures can be characterized by several classes of information.
These can be identity of the organism, key taxa, and relative abundance (Barbour et al.
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Ecologically important taxa provide information that is important to the condition
targeted assemblage (Barbour et al. 1999). Measures of the composition and
abundance provide information on the construction of the assemblage, and the

'~\ative contribution of populations to total fauna (Barbour et al. 1999). Relative, rather
absolute, abundance is used because the relative contribution of individuals to the
fauna (a reflection of interaction) is more informative than abundance data on
'!populations without knowledge of interactions among taxa (Barbour et al. 1999). Such
was presented as a percentage of the total fauna in a sample. Other secondary
' composition metrics considered were percent diptera (flies) and Chironomidae (midges),
to their relative abundance within the sample.
Another metric that was considered and one of the earliest bioassessment metrics
ever proposed is the HilsenhoffBiotic Index (HBI) (Hilsenhoff 1982). HBI was first
proposed by William Hilsenhoff in 1977. After refinement and more than 1000 stream
samples were analyzed, the BI was re-released in 1982 (Hilsenhoff 1982). Hilsenhoff
believed that since the primary effect of water pollution is on living organisms, the
assessment by is primarily a biotic problem (Hilsenhoff 1982). Therefore, while
chemoanalysis of the water body can provide a scientist much information on the
condition of the water, it tells little about the effect the conditions have on the organisms
present.
Rather than using a saprobic method which measures rates of organic biotic
decomposition, Hilsenhoff (1982) proposes the use of a biotic index of arthropod
(Phylum Arthropoda) populations as a means of measuring water quality. This has led the
way for modem bioassessment as most governmental bioassessment protocols use
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as well as a few other invertebrates as a metric. Hilsenhoff goes further to
Jb,biological sampling for the index to only insecta, amphipoda, and isopoda. The
for this is their general abundance, easy of collection, faunal diversity, relative
and life cycles oflonger than one year (Hilsenhoff 1982).
HBI uses species tolerance of certain environmental factors, specifically
pollution, to assign a tolerance value based on previous field studies (Hilsenhoff
The lowest values were assigned to species found in unaltered streams of high
;er quality and the highest values assigned to species known to occur in severely
and disturbed streams (Hilsenhoff 1982). The BI is calculated from the formula

BI

I: nan,
N

ni is the number of individuals of each species or genus, ai is the tolerance value
forth" species or genus, and N is the total number of individuals in the sample

(Hilsenhoff 1982). The metric analysis to be done within the scope of this project varied
from the HBI in the following ways. Due to the lack of regional tolerance values from the
HBI, tolerance values from Appendix B: Regional Tolerance Values, Functional Feeding
Groups and Habitat/Behavior Assignments for Benthic Macroinvertebrates, would be
utilized in the calculation of the metric. The deviation from the taxa values proposed by
Hilsenhoff is caused by the lack of native Floridian species when the index was created.
The values within the RBP are assigned on a 1-10 scale (Barbour et al. 1999) as opposed
to the scale proposed by Hilsenhoffin the 1982 Technical Bulletin which assigns values
on a scale from 1-5. HBI was considered for metric analysis but rejected due to time

........__
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fistraints, diminished resolution caused by low numbers of regional tolerance vales, and
~

absence of HBI within the SCI. Other metrics used alongside composition and
measures are tolerance metrics. These tolerance and intolerance measures are
to be representative of relative sensitivity to perturbation and can include both

(olerant and intolerant taxa (Barbour et al. 1999). One such tolerance metric is the
'percentage of Hydropsychidae (a pollution tolerant Trichopteran group) to Trichoptera
ffiarbour et al. 1999). Due to the origin of the data and that the metric was previously

<calculated the SCI (2004) was chosen for metric analysis.
The Stream Condition Index (SCI) was originally published in 2004 and released
again in 2007. The SCI first determines the degradation by humans on the watershed by
measuring the amount of non-renewable energy (Fore 2004). This measurement is done
by assessing a land use and assigning the land use a coefficient from 1 to 10 with 1 being
the least affected by humans (open water) to 10 being the most impacted (high intensity
business district) (Fore 2004). The numbers are placed in the equation below to determine
the Landscape Development Intensity (LDI) (Fore 2004).

LDI="L (LDI;x%LU;)
Where LDI; is the nomenewable energy land use for land use i, and %LU; the percentage
of land area in the catchment of land use i. This value was compared with a habit index,
hydrologic index, and Ammonia to create the Human Disturbance Gradient (HDG) (Fore
2004). A suite of metrics were then used to analyze the macro invertebrate samples
including EPT composition, tolerance, and voltinism (Fore 2004). These metrics were
then compared to the HDG and a strong correlation was found forming the SCI (Fore
2004) .
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Analysis of Data

objective of this study was to determine the relationship between selected
i'lvertebrates and the abiotic water quality factors (nitrogen as nitrates and nitrites,
orous, turbidity, pH, and conductivity) present in water samples taken along the
1

in Florida. As stated previously this study used pre-existing data provided

11~ Florida Department ofEnviromnental Protection (Elizabeth Miller, Enviromnental
FDEP Biological Section, personal communication, November 28, 2007) and
Water Storage and Retrieval System (STORET).The sample consisted of water
taken at 19 sampling along the Peace River, obtained between June 27,2006 and
26, 2006. Field collection methods and laboratory analysis methods most closely
mowe<1 the EPA's Rapid Bioassessment Protocol (RBP) (Barbour et al. 1999).

~vailable data was entered into an Excel file and visually reviewed for missing data and
Descriptive statistics and graphs were obtained and checked for logical
inconsistencies and values outside the expected numbers for the data. The following
· metrics were included in the study number and percent of: dominant taxon, EPT,
Ephemeroptera, Trichoptera, Hydropsychidae, Tribe Tanytarsini, number of
Chironomidae, and percent Ephemeroptera ofEPT total number, percent hydropsychidae
to Trichoptera and Florida SCI. Abiotic data included Nitrogen in the form of nitrites and
Nitrates, Phosphorous, specific conductance, pH, dissolved oxygen and temperature.
Data were analyzed using JMP a statistical discovery software program for data
exploration from the makers of SAS (2005). The descriptive and statistical analyses and
findings are presented here. Metrics with too few organisms had been dropped from
inclusion in the study prior to this time. A multivariate analysis was conducted. Key
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metrics and abiotic factors were identified and which were then used in a bivariate
analysis to determine correlation coefficients (r) and significance (a= 0.95). A
correlation matrix of all the continuous variables was obtained. This was used to identify
significant relationships between the metrics and abiotic data (see Table 3).

Results

Water temperature was positively correlated to the number ofTrichopteran taxa (r

=0.602,p <.05), and number ofEphemeropteran taxa (r =0.547,p < .05), and the
percentage ofEPT (r =.598,p < .01),% Trichoptera (r =.587,p<.Ol),% Ephemeroptera
(r = .549,p < .05), and% Ephemeroptera of total EPT (r = -0.482,p < .05). The pH was

negatively correlated with% Ephemeroptera ofn EPT (r = -0.475,p < .05). Dissolved
Oxygen (DO) was negatively related to% Ephemeroptera ofn EPT (r = -.060l,p < .01),
and positively related to% Trichoptera (r = .794,p < .01). Nitrogen (as nitrites and
nitrates) was negatively related to% Ephemeroptera ofn EPT (r = -0.669,p < .01) and%
Trichoptera (r = .785,p < .01). Specific conductance was found negatively correlated
with both% Ephemeroptera ofEPT (r = -.473, p < .05) and number ofEphemeropteran
taxa (r = -0.526,p < .05). Turbidity was shown to be negatively correlated in one case:
number ofTrichopterantaxa (r = -0.479,p < .05). No other correlations were significant.
Most of the sites along the river were dominated by three major taxa. The first
being the pollution tolerant amphipod Hyalella azteca (see Table 4 and Appendix A).
Another dominant species was Pyrgophorus platyrachis, the crown snail. The final
dominant taxon found in the invertebrate samples was the Ephemeropteran genus, Caenis.
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3: Selected Significant Correlation Coefficients fro01 the Correlational Matrix
Nitrogen,
Nitrite

Dissolved

I (N02) +
Nitrate
Specific
Conductance

0.549*
-0.482*

-0.473*

0.598**

Taxa

0.602*

<.OS;** p < .01

Table 4: Dominant Taxa and Percentage Donlinant Taxa by Study Site
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Discussion
A minimal number of relationships were significant of all the data tested.
>!llperature was found to have moderate, positive relationships with diversity of
phemeroptera taxa, EPT diversity and number oftrichopteran taxa, and a negative
;lationship with% Ephemeroptera ofEPT. There was some correlation between
ssolved oxygen and temperature as to be expected. While this is interesting, it does not
a large role in helping determine water quality and environmental perturbation. This
due to the expected daily fluctuation of water temperature. If there were outside factors
affecting localized temperature (such as excurrent from cooling towers) it was unknown
could have affected temperature. Dissolved Oxygen (DO) had a positive relationship
percentage Trichoptera and Ephemeroptera as a percentage ofEPT which suggests
that as the water quality is improves as evidenced by a greater concentration of dissolved
oxygen, one could expect to fmd a greater concentration ofTrichoptera (Figure 3) and
Ephemeroptera proportional to total EPT taxa (Barbour et al. 1999).
Figure 3: Percent ofTrichopteran Composition by Dissolved Oxygen (DO)*
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Nitrogen in the form of nitrites and nitrates had a positive relationship with percentage
composition ofTrichoptera (Figure 4).
Fignre 4: Percentage ofTrichopteran Composition by Nitrogen, Nitrite (N02), and
Nitrate (N03) as N (mg/L)
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As environmental pertnrbation by nitrogenous pollution altered land use (agricultnre)
increases, an increase of Trichoptera as percentage of community composition would also
be present (Fore et al. 1996). Phosphorus showed poor overall response despite the
expectation that phosphorus would prove significant due to the land use history of the
Peace River. It is possible that with increased sample size and number of individuals
selected for identification phosphorus would show greater response. The only response
shown for specific conductance was in number oftrichopteran taxa (Figure 5). This could
allow one to say that ephemeroptera diversity is an indicator of water quality, specifically
conductance.

XX
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Figure 5: Nmnber ofTrichopteran Taxa by Specific Conductance (1-lS/cm)
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An interesting relationship appeared between trichopteran taxonomic diversity
and turbidity (Table 3, Figure 6). Due to the already limited nmnber oftrichopteran
individuals represented by the sample and the small percentage composition ofEPT taxa
it is possible that nmnber of trichopteran taxa could be useful in using turbidity as a factor
of water quality (Barbour et al. 1999).

Figure 6: Nmnber ofTrichopteran Taxa by Turbidity (NTU)
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Limitations
The use of preexisting data limited the ability to collect additional data about the
habitat itself, including flow, substrate, and water quality data over a longer period of
time. Additionally a limited suite of metrics was utilized. A larger sample size would
have increased resolution and metric response might have been greater. A larger sample
size would have allowed for the addition of more metrics, some of which were not
significant based on very low numbers (such as tribe tanytarsini). By using state provided
date one is bound by the collection and identification methods used by the state. In this
example samples were only sorted the subsample that finished above 100 individuals.
Had the data be collected by EPA sorting would have been done to a sub sample of200
individuals providing more detail about the macroinvertebrate assemblages. The small
sample size renders the results to be generalized only to the Peace River. There was no
certainly regarding how closely the FDEP field scientists followed the RBP as presented.
Conclusion
As the field ofbioassessment grows it is possible that we will see bioassessment
as part of all environmental analysis protocols. With the limited data analyzed within the
framework of this study it is possible that one could determine general environmental
integrity by assessing macroinvertebrate assemblages with a series of composition,
tolerance, and multimetric indices. With constant localized study and refinement, metrics
returning results of non-response could be removed from broader national bioassessment
protocols leading to specific metric refinement. According to the results found in this
study ephemeroptera diversity, trichopteran diversity and percentage composition of
these two taxa provide the most useful indications of environmental degradation. This
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lead one to say that these metrics should be included in local or regionalized
j!Jioassessment metric suites. It would also behoove state and federal agencies to mandate
'macroinvertebrate bioassessment on shorter temporal scales.
This would help refine the identification of outside sources of environmental
perturbation not readily perceived by normal long term water quality monitoring. With
the increased use of long term and short term bioassessment state and national scientists
could have a greater amount of biological data to join with the litany of chemical water
quality data. This in turn could possibly allow observation of refined environmental
change, increased regulation, and more direct policy. This refinement could also aide in
protecting affected population from further environmental degradation and cutting cost
on long term chemical water quality assessment, therefore permitting a greater focus on
other environmental problems.
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